FOR years it has been apparent that continued examination of ,chronic lesions in the spinal cord, while increasing our knowledge in detail yet failed to widen it in regard to otiology, and though toxic influence naturally received due recognition, its source and mechanism of action remained unexplained. It seemed obvious, therefore, that investigation ought to be directed towards elucidating the mechanism -of production of those lesions, and the first step naturally involved a study of all possible paths of infection and intoxication. It is with one of those, infection via the lymphatic system of peripheral nerves, that our demonstration mainly deals, and in it we propose to synopsize our observations in clinical cases and experiment. Much of the detail on which our conclusions have been founded must necessarily be omitted. It will be found in a paper to be published shortly.
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The lymph system of nerves has been investigated mainly by the injection of coloured substances-e.g., china ink-and of organisms. Homen, employing organisms, has shown that the lymph-stream is an -ascending one towards the cord, and his view is that the main current lies at the periphery of the nerve-bundles immediately under the fibrous sheath. He has traced the organisms up the nerves, along the inner surface of the posterior root ganglia and perineurium of the spinal roots into the pia-arachnoid of the cord. It must be borne in mind, however, that this statement regarding the main lymph current is based on experiments in which organisms have been injected into the nerve substance. Where infection occurs from without it will be shown that diffusion of organisms and toxins can take place along the outer surface of nerves, and cause an ascending epiand peri-neuritis. THE EVIDENCE DERIVED FROM CLINICAL MATERIAL OF INFECTION  OF THE CENTRAL NERVOUS SYSTEM BY TOXIC DIFFUSION ALONG  THE PERINEURAL LYMPH SYSTEM. We examined seventeen cases, some of which were investigated by Marchi's method, others by appropriate means for the demonstration of the inflammatory phenomena. We will refer here briefly to three only. Case I.-Left brachial neuritis. Staphylococcic infection around the cords. of the plexus and posterior root ganglia. No degeneration in the extramedullary portion of the anterior or posterior spinal roots. Marked degeneration of the left root entry zone and Burdach's column from CS to C2; maximum in C7 and CG; degeneration also present in the lateral region and anteriorradicular fibres; right side of cord affected si-milarly but to a much less extent.
Case II.-Bed-sores in gluteal region; more severe on the left side. Suppuration of right elbow-joint. There was degeneration of the posterior columns and of the anterior radicular fibres in the lumbo-sacral region from Si to L3, more intense on the left side and in the fourth lumbar segment; from D12 to D2 nothing worthy of note; degeneration commenced again in the posterior columns of Di, was most marked in C7 and C6, and gradually faded above that level. The right root entry zone was more affected than the left. Case III.-Acute haemorrhagic ulceration of the colon, especially in its lower portion. Acute cystitis. Acute suppuration of the right knee-joint. Cultures from the cerebrospinal fluid yielded an active growth of a rod-shaped bacillus. On examining the lumbar region of the cord we found organisms in abundance in the following regions: in the internal layers of the perineural sheath of the posterior and anterior spinal roots, amongst the fibres of the posterior root entry zone, in the pial spaces round the cord margin, in the septa passing into the cord, amongst the motor fibres in their intramedullary course, and in the central canal and its neighbourhood. In the spinal roots the organisms were observed passing inwards along the septa. Many were present in the adventitial lymph spaces of both cord and roots, but none within the lumen of the vessels. In this case the organisms invaded those areas which are affected in toxic diffusion. It will be remembered that in the case of brachial neuritis the myelin degeneration occurred in the posteriorroot entry zone, the anterior radicular zone, under the pia arachnoid, and around the septa in the white matter.
From our clinical cases we concluded: (1) That the lesion in the' spinal cord always corresponds to the nerve supply of the infective focus.
(2) That the degeneration of the intramedullary portion of the-spinal roots commences at the point where the neurilemma sheath is lost. (3) That the posterior root entry zone is always most affected. (4) That as examination of the extramedullary portion of the nerves yielded a negative result, it seemed correct to assume that toxins could, in certain cases, ascend along the perineural lymphatics without producing parenchymatous changes in the nerves.
EVIDENCE OF LYMPHOGENOUS INFECTION OF THE CENTRAL
NERVOUS SYSTEM FROM EXPERIMENT.
(A) Degenerative Lesions.
-We proceeded to test the above views by experiment, and instead of injecting organisms or toxins into nerves we placed a celloidin capsule containing a broth culture of an organism in contact with the nerve. In some cases the capsule was placed against the sciatic nerve, in others under the skin of the cheek. In our early experiments we employed a variety of organisms; later we used the Staphylococcus pyogenes aureus alone. The experiments were carried out on rabbits and dogs. By this means we infected the lymph system of nerves, and produced degenerative lesions not only in the cord but in the medulla and pons, precisely similar to those found in our clinical cases. We again found the extramedullary portion of the nerves free from degeneration. From the clinical and experimental evidence we concluded that (1) in spinal and cranial nerves there is an ascending lymph-stream to the central nervous system, whose main current lies in the spaces of the perineural sheath: toxins reach the central axis by this channel; (2) outside the central axis the nerves possibly are protected by the vital action of their neurilemma sheath; most probably, however, it is the peripheral situation of the main lymph current which is the deciding factor.
(B) Histological Lesions.-We will now bring forward the histological evidence in support of the above statements. If a capsule containing a broth culture of the Staphylococcus pyogenes aureus be placed in contact with the sciatic nerve inflammatory phenomena can be traced upwards to the posterior root ganglion and beyQnd it into the spinal roots. The toxins induce inflammation of the fixed tissues-e.g., the epineurium, the perineurium, the adventitial coat of the veins and capillaries outside and inside the nerve. The reaction diminishes in severity immediately the neighbourhood of the capsule is left. Taking the capsule as the centre of the inflammatory focus and proceeding outwards one finds: (1) A layer of degenerate polymorphonuclears mixed with large clear cells. (2) Developing and adult fibroblasts mixed with large clear cells. (3) In the epineurium, new vessel formation, clear proliferated adventitial nuclei, round dark nuclei, and plasma cells in all stages of development. (4) In the inner layers of the perineurium, within the nerve, and 1 in. above the capsule there is much less reaction, and plasma cell formation is the most prominent feature. This statement also holds good for the spinal ganglia and roots. Should suppuration occur, then fibroblast and new vessel formation are much more prominent.
In a certain number of experiments the capsule was placed as near to the spinal cord as possible in order to induce myelitic phenomena. When the spinal canal is opened into and a capsule fixed in position against the dura mater the subacute reaction changes are as follows:
(1) In the epidural tissue, polymorphonuclear leucocytes, plasma cells, and mononuclear elements resembling those termed polyblasts. (2) Plasma cells in the dura mater; in the capsule of the posterior root ganglion, and within it, where they form a prominent group at the proximal pole; in the perineurimim of the spinal roots, and in the adventitial sheath of their vessels; in the pia arachnoid and in the adventitial sheath of the vessels passing into the cord. (3) Proliferation of the neuroglia cells, especially around the vessels.
In some experiments the capsule placed against an intervertebral foramen ruptured and the organisms escaped into the surrounding tissues. Here the inflammatory reaction was much more acute, and the organisms were followed along the nerves, over the spinal ganglia, on to the dura. The reaction phenomena in the cord were identical with those found in an acute nmeningo-myelitis. There was a high degree of reaction on the part of the dural, pial, and adventitial cells. The neuroglia cells, especially round the vessels, were swollen and identical with the " amoeboid" type of Alzheimer. The nerve cells were .acutely degenerated. Coagulation necrosis of the cytoplasm, with homogeneous atrophy of the nucleus, was common, and neuronophagy. By Marchi's method there was mnuch myelin degeneration, in the lateral columns especially. On comparing the phenomena in the acute and subacute series we found that although they differed in degree their anatomical distribution was the sanme.
From the histological evidence there remains no room for doubt that the lymiph-streaiuin nerves is an ascending one, and that toxins and organisms can be carried to the central axis by that path. They pass with the lymph into the root entry zones, round the cord margin in the spaces of the pia arachnoid, and along its prolongations into more central parts. The proliferative changes in connexion with the vessel adventitia show that its spaces communicate with the lymphatic system of the cord and nerves.
So far, we have dealt solely with the morbid phenomena of lymphogenous infection; we propose now to contrast these, in the briefest possible manner, with the changes found in the cord when the blood-stream is infected. A hmematogenous lesion is obtained in the spinal cord when capsules containing the Staphylococcus pyogenes aureus are placed in the abdominal cavity.
The difference between the two varieties of infection is very marked. In lymphogenous infection we find: (1) The reaction of the cells of the fixed connective tissues; (2) proliferation of the cells of the adventitial sheath of the veins and capillaries; (3) the appearance of scavenger cells where the myelin is disintegrated; (4) nerve cell degeneration and neuronophage phenomena. In ha3matogenous intoxication the picture is very different: (1) The most highly developed structures, the nerve cells, suffer least of all; (2) there is primary degeneration of the myelin sheath round the cord margin, and on either side of the postero-median septum; (3) the myelin degeneration is greatest in the upper part of the cord; (4) there is oedema of the cord; (5) the vessel walls are hyaline and contain thrombi of the same nature.
These two mechanisms of infection of the cerebrospinal system are characterized, therefore, by widely different mnorbid phenomena, and if we apply the results of the experiments to the human subject we obtain very considerable assistance in arriving at an understanding of the genesis of certain lesions. We have shown in a previous publication that many cases of acute and subacute meningo-myelitis are lymphogenous inflammations following infection along the peripheral nerves; and by certain authorities even acute polio-myelitis is now defined as an acute meningo-myelo-encephalitis, in all probability theresult of infection from the samne source or the sympathetic nerves.
We have already offered the opinion that tabes dorsalis and general paralysis of the insane are lymphogenous infections; the distribution of the former and the histological characters of both are similar to those produced by infection of the lymph-stream of nerves.
A consideration of the phenomena in the subacute non-systemic lesions of the cord such as occur in pernicious anmemia, Addison's disease, &c., shows that they must be included in the hoematogenous A-17a eategory. They are degenerative, and the zones affected and type -of morbid change correspond with those found in experimental haematogenous intoxication.
In conclusion, we would point out that our work upon hiematogenous intoxication is still in the preliminary stage. There are certain factors still under consideration. We have brought it forward now, however, as the results so far seem to justify a broad distinction being drawn between the two mechanisms of toxi-infection of the central nervous -system-the lymphogenous and the haematogenous.
DISCUSSION.
Dr. HARRY CAMPBELL asked whether the lymph currents, reaching the spinal cord by the nerve-roots, diffused themselves generally throughout the lymph spaces of the cord, or whether they travelled along special routes; also what became of the lymph of the central nervous system. Referring to the circulation of the cerebrospinal fluid, he pointed out that this fluid not -only escaped peripherally along the nerve-sheaths, but (as shown by Dr. Golla) that it also soaked into the peri-neuronic spaces of the central nervous system along the perivascular lymph spaces. Hence drugs might be introduced into the central nervous system via the subarachnoid space. This was a fact of therapeutic importance, since the capillaries of the central nervous system were impervious to spirillicidal drugs, such as compounds of mercury and .arsenic.
Dr. ORR, in reply, briefly indicated the evidence which showed that the lymph-stream in nerves was an ascending one. In reply to Dr. Harry Campbell's questions regarding the presence of lymphatics in the central axis, Dr. Orr pointed out the evidence to show the presence of fine vessels within the nerve cells, probably in communication with the vascular system; that there were no true lymphatics in the cord, the lymph circulating free amongst fibres and cells, and that the lymph regained the general circulation via the veins and capillaries.
